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(57) Abstract: 

PROBLEM TO BE SOLVED: To keep an upper wiring 
free from a resistance change and a short circuit so as to 
protect a lower wiring against corrosion and resistance 
change by a method wherein a base insulating film is 
formed, subjected to an N 2 0 gas plasma treatment, and 

successively undergoes an 0 2 gas plasma treatment. 

SOLUTION: A lower wiring 102 is formed on a 
semiconductor substrate 101 by lithography and etching. 
A base film (first interlayer insulating film) 103 of SiN is 
formed on the lower wiring 102 by a plasma CVD 
method. The base film 103 is subjected to an N 2 0 

plasma treatment 104A and then an 0 2 plasma treatment 

104B. A reflow Si0 2 105 is formed on the lower wiring 

102. A cap insulating film (third interlayer insulating film) 
1 06 of SiO is formed thereon by a plasma CVD method 
and then subjected to furnace annealing. An upper wiring 
material is deposited by sputtering and patterned into an 
upper wiring 107 by lithography and etching. 
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[iS*SI9] ffffBSgXCDlfc^lgltiS i H< tVX^H, O 
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±1 or^T^iBH^T^^^n^ct^^^iT^if 
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1 75 S 1 1 IB«©*Wflc8S©8ait*a. 
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10 »'JV^77>f &££x y 5=->^tc J: 0 T JIB2«/1 * - > 

®mtfi&&v* z.<DVtWt~ezfu±xi>mn ±m 
m^m<Dmmx. giT-ci/yxh^oiyfv^ 

20 ^l/y^M^f/t'^^^CMP (Chemical Mechani 

±IB©«^:#eSEi8lXS©XSffl«©ll*(ctt + 

[0 0 0 3 ] t^^Tf, IPIilltOTO^fi©-^ 
tlTAPL (Advansed PLanarizing i nt er 1 ay er-d i e 1 
ectric) 7 D -fe X $ tl T l>5 ; Ma t suura e 

i a 1 . , IEEE Tech. Dig. , PI 1 7, 1 994) . HI 8 (C ft 3t (D A P 
30 L ^D-feXCOXecO-^J^^-ro 8 0 1 \*¥m& 

sjs, 8 o 2tiT§sei, 8 o 3\*s<-xmmm (m- 
(Dmmmmm) * 8 0 4tiN, 0^7X7511^1 < \* 

O: ^yXTM, 8 0 5 B'J7n-SiO» i (Mix 

mmm) , 8 o 7}i±iiei^^t fl us (a) uuv 

¥?y ^ Rr$^y^>?\z&r)¥mfcMWL8 0 lXtcT 
Hifi^ 8 0 2 &&f8 l Lfz$><DX&Z>. &\z. HI 8 ( b) 
fc^-Tti{cTgiEi» 8 0 2 ±i:l^o>'7X7CVDS 

tc <fc o ^-xr (m-wmm&mm) 8 0 3 ^r^t 

40 6, ^tCl^8 (c) (C^-r^tr, ^-Xl8 0 3IIi: 
MLTNi 0 7 , 7X7jfflI»b<ttO l ^7X7^18 
0 4 £ JET* HI 8 ( d ) (C7Ki"^(Z S i H 

, #X<h, ffltikM <£ L T H i O j (ifi&rt;***) 
ft (fclAfcf CC) , K^^T^j^^-ti:^ £ tiZ <fc 0 , T 

S i O, R (tlT'J 7n-Si0 2 ittO) ^^^"T 
S. ^tC|U8 (e) (OttCy / 7X7CVDSl:J:0+t 
•vXiil <ftH<Z)@rBlffij&IK) 8 0 6 ^^^bAc?^fC 
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o ±mmm 8 o i ^m^-r z>. c zizm^ttA p l -?u 

[0 0 0 4] f^CDAPLyPtX^^it:^ 

p l ^D-fexaw-ett, U7D-s io, r^o^s 
xi:Mt^lffHMb#^^<T^^ 0 lot, ±tc 

^bfc«&A P b§l$fi£{;:^^3 'J7D-Si'0, 
^7X7S i ONiS^fi^7X-7S i Nl*©Ig#a*tt 

ftstir^s. u b & a* 5 , ^n^o^^cD^ — 

(Ct±JKT©«/ctPgS^*^. Sf^7X7S i ONiC 

iri^tdf^^^o JI#(^fctiT/ige^<D&in;^{b 
^3 n-i? 3 >^£*^tt*^<D*y h*^ u 7 finite 

7X7S i ONBSJi, ffitffia^GDttteffiKg** 
ffitfe^D y ^t£*{C^bTi§*&^^^Tt\ 

nh, ^fxsffl^TBitiisnt^s: itceHtri* 

^H^MfCte [ — N H i ] [-NH] »7&t*»^«EbT 
V>£ cm^CD [ — N H : ] [ — N H ] 

I±©¥MH©U 7D-ttSr«^3 CtM^riT* 

tcte'J 7n-S i O, i©?filS^SI ; E7^Py- 
^JBfbVs. ^Si : E7*Dy-i:fittIfta)U 

©©w/h^e^oipsm^. coraic^^a^b-r * 

EI8 (e) d&tt^'J^D-SiO: 1 8 0 5 c£>|£ 
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IK^oe«<Z>^»T?, ±lffii8 0 7 ©'jy^77>f& 
r;x7 5 L >^i:na^± (Ll, L2. L3) iC&tj* 
*±Jiffl«a**II!0* i»tc&£STK:;fctt*±effi*ia**: 
S. 09 tC±SB(CTIft^bfeS8 (e) <D±mm^^ 
T. C©«ifC±JlS2» 9 0 7 ^H±cB5"Cfe^)L 1, 
L2, L 3«-ett*|II<ftD, aMT*Tftt±/ilBiB9 0 

0 7 <O«ffi**tK&j0«&#A53ni#'5 Stfe/i^ 
a*, «fl»&»^fcte@9 Jc^b/iJiKva- 

[ 0 0 0 5 ] ^(c, ^FSSStf^®^? * d zS—&%4£ 

S^y^X^S i N^ttfilcK^nS^^^Xv^r >A 

^*3»3>5 H ^-f $ U -->^^ff *)*i^>. b^b, 
X^ S i NJBttl£a>««£a*Si^&, y^XVSiON 

20 ^pjfi&BiatfiJisns. -eb-c, -t<z>iBJi!gi 

di£#JbT'J ^n-s iO ; iO'J 7D-MIKI 
Wt, 7° 7 XV S i NIKfc^tT?/ct< >A-Tj£JBi 

sn5^5X7S i ONitcfesr/, y^xvs i nj& 

Hl;APLU7P-S i O! JRO^ffi^^^P^— 

^CO^fI^MaibT^^> A PLT'PtXCtoTFplIt' 
±tS^S*«»ofc. " ± IB CD tl , f3t^APL0^- 
^IftfblTt/^c. ^7X78 iONII^ti 

X7S i NJBK'O^T^^jfcSPgjgli [ — N Hi ] [ - 
NH] ^'J7P-tt^}|/ < i:7l^b¥I^Srai : e7 
* □ v — #J6ffcT£ <t jS^BfiibbT^ 0 , 

[ 0 0 0 6 ] ft, 7^7X7 S i ONK&tf ;^Xv S i 
[ 0 0 0 7 ] 

[^^^**b «fc.-5 <h*rSBIJS] ±IBC0^(C, 
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[0 0 0 8 ] 

^ss^ £ & n -r & ¥ *b fb (7) Til -c * s ^ - 1£ 

XVH^IL, 3lt*^TO, tfXKcfcSX^Xvfcl 
[ 0 0 0 9 ] 

S CO §3 B * & 43 £ X J£ 05 — M £ ^ L h O) T * § o 

m*. ionj*9#ss. i o 2iiTiie^, 103 

ti^-X^i^^ <fg — ©gp H 1*6»BI) , 10 4AHN: 
OX^Xv#tJi, 1 0 4BliO I X5Xv#l3ffi, 105 

H'j 7p-s i o, m (m-<Dmmmmm) , 1 0 6ti 
(m^&mmmmm) , 1 0 7 a ±. jibe 

HfciS"*-. HI (a) li'jyy77^Rtfl:y? : >^C 
«k 9¥*$#S*£ 1 0 1 _hfcT/igE8i 1 0 2 SJgjfcLfcfc 

£<&*KSi©s«K:#b, @i (b) iz^-rm 

KTSBEiS 1 0 2 ±C:il?£cDX^Xv CVD^f;J:0^ 
-XflSt <&-(DJIPa > ]|&&flg) 1 0 3 <h L T 1 50 n m/P 
©^7X7 S i N £^J&-r&o 1 (c) C^tfl 

0 4A^ss-r. ^cmi (d) fc^-runc, O: x^x 

7lI104B^It„ mi (e) tC^T 

il:TIfiiil: 8 0 0 nmO'J7D-S iO, 105 

£^/&-rs fc£>7?&&, ^cfciai (f) contcx^xv 
cvDffitCcfco + ^y^ffijgfei^ (^H<ospg*&i&iK) i 

0 6tLT 3 0 0 nm(E>X^XvS i O £ L f~ 
7 fr&'noo torn, 7/Vy^(IJ;0± 

0 ±Jf ge$l 1 0 7 £^/&-r-5o 

[ooio] uat, ±ih^m^^pl, mw&mizm'? 

(a) ttKS#Sj$<E>«|l&ig-C\ (b) fiX^X 
(c) t^^JECOl^CVD (Chemical Vapor D 
eposition ; J5£^&) ^IlT^§. IS! ^ . 3 

Olti^^^S^, 3 0 2 teX^X^KJfc^. 3 0 3 H 
^i/MUla^y 3 0 4 « X^ . 3 05 

(3#X^AP, 3 0 6llD-h'D7^L 3 0 7ti^JE 
ICVDII^, 3 0 8t*H: O, iAP, 3 0 9 \*m 
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ttlP, 3 10 ^±£15^11 (yt^-^-yF) , 3 1 1 14 
T^tl, 3 1 2 teR FiH^^-To ±IB®1 

(a) <DVtm<D*m&mfa 3 0 1 it. m3 cm co^^ 

— A3O3K:J;0Jft2!£n, 3 0 0t:fC^^^tl 
fcitir X^ 3 0 4 ±tc^g $n^> 0 f ITil (b) fc 

Xv S iN^, ^/X^AP 3 0 5 J;O^X 
S 1H, 150cc, N : O 3500cc, NH, 3 
10 5 0 cc, Ni 1 5 0 0 cc) ^iAU E^ 6 6 5 P 
a, R 1 0 0 WcO&^Tife^S^S^lCJ: 0 & 

±K#iaT##Lfc££;tf*ffi£9JD#A5. SfN: 
O 2 5 0 0 c c , JE^J 6 6 5 Pa, RF/W-500 
W (A?— . 241W/cm ! ) O^^Tf 1 5#> 

hon, o^7Xv«ii*if. &izjixm*nmtyo 

O:1000cc, E^J 6 6 5 Pa, R F / W - 
100W (/t7-|^0. 24 1 W/ cm 1 ) CD^^T 

is^rskbo, x^x^saiaifcife-r. #CKI, ^JECDK^ 
20 I^^jtl^SJ, *^S«3 0U^7Xvg*5i 
30 2^tcHSfflLTD-Kny^£3 0 6F*JfC^iM-T 

«^T^*#SK3 0'lS@3 (c) ©«JEI»CV 
D#13S^3 0 7 f*MCi&AbT 0 t:iC&#$*lfc-tJ--fe: X^ 
3 0 4 ±l:^lt?, o ^tcN: HsmTTitirX^ 3 0 
4iT^i^Ii3 0 l £r##-r*^tc <fc 9 * 5fecoX^ 

x'7s iNi^^i-O: y^xvjaio^iMHis 

30 S i H< +N : ^X^^X^AP 3 0 5 J;0, ^^H, 
O, O: ^AP 3 0 8 J; OiAlTS i H« 

^^^^f^fC^fT-T^o dCO^CD^^ti, SiH, 1 
Occ, Hi O! 0. 65g/mi n, N ? 500c 
"c, M&OX:, E^6 6 5 Pa, BtFIl 0#1r$.^o ^ 
tlfC^ViT S i H< O^l 2 0 c ct:ifllTU7P- 
S i O, co^^^^^^tl, 8 0 0 nmfiEii7il:, 
r^TC03»A^/^«S^ttiP 3 0 9 J; os^m$nr«jE^ 
cvds&i^3 o 4tt*E(oa$fit^i;(:$n5. A 

(C^^^S^ 3 0 1 teM&mC V D^131^ 3 0 7 ^6^ 
40 m$*lTn—FD*y^306£&a LTH^X^X^ 
M 3 0 2 ^A^n, y7X7CVD^T'+t^ 
M(r*5^7X7 S iOI (il(O106) 

&£X^XVS i N^CO^^^chl^ i; 3 0 0t, JE^6 
65PaT^0, ^cO^^t^S i H, lOOcc, N, 
O2000cc, N, lOOOcc, RF/t7-500 

11^ 4 5 0 TC. 3 0 ^fT^o 

[oo i i ] jea±, ^-x^a^ em-nmffimmm 

50 tlT7'7X7S i NM^j^ffl LAc^^^XPir XfCO 
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sjaTK^-r. sr^Yb^ik^u 3>K<ois^tt, si 

H, 1 5 0 c c , N i O 3500cc, N, 1500 
c c , E^Il lOOPa, RF/W-1 0 OWT^^,. 
7t^77XSi0|^fl S i H 4 150cc, N, 
5 0 0 c c , H: 3000cc. JE^llOOPa, R 
F/W- 1 0 0 W7?&3o 7 : Eil/77X*- #>7K?$tCD 
*§£H CH ( 40cc, CF< lOOcc, C, F e 
lOOcc, C< F, lOOcc, Ei]50Pa, RF 
/^V-l. 5kWT&£„ 7 : eJl/77X^J-^>77$ 
CD^i^H d F 6 lOOcc, CH< lOOcc, H 
! lOOcc, E^jSOPa, RF/t^-l. 5 kWT 

7S iN^fg^LTN, O^Xv&aiRtf o, y^x 

Tfflisjsifci, ¥*n#s^ i o i *-m±%\zmwL 
t^i-e^s. o^o, mi (d) c^^TO: y^x 

BEtffilK 3 0 1 fc^lCfflafe-T*. t£(^ 

T^l^li30 UI3 (c) Oj^JE^C VDii^ 
3 0 7 rtfC»AbT 0"C(C^J#$nfe^-fey^ 3 0 41 

mfcmm 30 1 ^ vie £ o , 5toy^xv s i 
n^o^j^-O: 7^x^mmco&m.&i&&znz>* c 

U7P-S io, is, +t mm<o 

P-S i 0 : H<OJEj£*RSl^fi£tt-C&* S i ( OH) 4 
tC^-r*Tifi^-Xlfe»K^m<OS8ntt (wet tab i 1 ity) 

fcj£ge$n-c^£ ti*$nt^5. wt>mfc&mti, 

T«*«/ctS i ( OH) < {C^UTfi»J5:Mintt&a« 

tsi^ii/^. m4 iz-j^x^mmmffitmmno) 

UTi^tfx.^^, BUSIES N i 

o, o, £.hiz7?x^mmi%m&2 5&&>Te>&&m 

[0 0 13] isEU7D-S iO, m<Df&mm<D 
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n-s i o, m<DKm*m*Ef&yiT-$>& s i ( oh) 4 
Hsu" >j7D-sio, mcDf&mmcoumtm 

tst, &mm\zi&m£2tiz>umte- 1 ot^± 1 0 

[0 0 14] N. OzfvX^t&MR&O, ~f?X 

s ^mw<?)ftm®%:iz~z>^Tm*n'?z>o ±is©«fc, 

10 ^TrtM-XMt^^y^X^S i ONi^7°7X 
TS i NKf:^lT£«!:Lt*©«fe»ttS^t. £ 
"T, -fyX^ S i ONit;MltliN ! O^^XTffll 
^l:^itfcN t O, NO, N-f:*>a>|*3, £(Cftffi3& 

>®^^f^(CJ: 9J&^®^®t&4t (densify) d <h 

K«fc 0 ^BSH«{b®^^^3tl, ^^t:^7XvS i 

^OgIIitI*^TN^I^«i:tT^^^S i ONHSSft 

^5t#^.5n5. C©f 14, — iKWtC*»yp ^ ^14 
U^XVS iOK<t0t>7 f 7X7S i ON^«nt 
US^fCj; DflPSWft&ft*. ^tc^-X IT 

X7X7S i Nm&mm vtzm&. s i o-^mtumu 

30 (O^tl TDS (Thermal Desorption Spectroscopy)^ 
7X7S iON©^3%tfeO, :/ a y 4^***2 «ifi 
^®^^^XatC^@UTflI^®fC[ — N H : ][-N 

hi mm&??i£i>. cn6<DStCctoie±©u ^n-s 
une.©sii^^xvs i Niso.«^ttfijE 

40 bb©«(^ n : ox^XTiic^iti^xo, -f?x 

(0. 241-2. 410 [W / cm 1 ] ) ^O^^/XJE 
77 (13. 3-665 [Pa] ) <Z> * |^ 1$ fe SI fc "T 

les^-en^-r^ ^cot^^ 0 n, 7*7X7ii^Or. 
y^x^^3iP#ic^^L^o-r^>^^x^;u^[ — n 

H, ][-NH] SfCT^ y 2 L.Xmtm^t ^tz^^m 
tiFT- I RfttirT-mtttt ZtXX&O . ^(D^^iCcfco 

MiSISna. 7>tff^^(C ctS <£:/ N, OMIIT'7 
50 X-TUc^teO, ^^^s^^x^«^^Tt>^^^mti 
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f8^TO, X^X^«l31£±g2X7Xvtt*«£ 
(0. 241-2. 410 [W/ cm 1 ]) Rtftf 7.JE 
(13. 3-665 [Pa]) <B&fr«Sffl-?£«a!LJl 

Hx.3o o£ 0 , X^Xv S i ON^y^Xv S i N 

N^^ftta^/iO^T'li/^n ^tco, X 
fco©ii&a^<2:fc§. ^co^^Xv^M^as^co^^-e 

'J7D-SiO ; ^^^^-ra^tC, S i H 4 ^7tH 
i O, TOLTS i ( OH) 4 TO^ni.t, Mco 

fit, ^©S&mtCJ: OS i ( OH) * 75* J; 0 J; < dftlb 
sn*&, U70-S iO, ^©^Ste&O^®^ y * 

, <oX7XvJ£3ffi&3<0«^±iB£tei2<BO, ^7X 
Tiil^lti^TN, Oy^X^^t^^^-r^-^fCtS 

[0015] ±aa«)«(c ^^bjic .tntf^-x^^^ 
tt£%* m2iz. ±.mizTmwi>tzm 1 (f) o±®^ 

7 a*, f£M-Lg&T*&£ L 1 , L2, L 3 gB-tfttJHB< 
T^Tte±< & D , V3 - h^F&£3l^i£ 

ulTUfcfe©^, g| 2 (C^-r«(C±JgEII 2 0 7 (Dili 

O — S i O i H©?fitt*tSl!)i$ns. U^iJ7P-S 

a&Tia^flfi&^U, iS5tc'J 7 S iO : fglcD^fite 
^IWtbfc v 3 - h^F&^fiti^-T^o H 6 fc 

^)4#tei¥fffi^^^A 1 mm<D^7, vn$-><Dm\z & 0 

T, OS 0 7*7X7 S iNI^l 5 0 nmj&lgib, 31 # 

tt#R— y-t ^^±^«iaT«»bfc**^7X-7«i3i 

fcftLfcft, 'J^n-SiO: l^ 8 0 0 nm«l, 
$ MC* V 2; X^e^^t 1X^7X7 S i ONl^3 
0 0 nmjsK^LT^^, J?U ® €T © *F T — — ® T 

w®i^i$4 sot:, 3 0 finite h<D-cmmvfz.^<D 

t^S. CCO^, N, 0 7 , 7X7®It0 1 x^x-v-aa 
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Etc OUT. 0^bfc«*w#^*lfBLfct>Oi:||JI5b)Q: 
V^CD^rf^^bfeo I^e^^N: OT , 7X7^iJf:fl 
O: X^XT^^CDi:^ ^^fTofcfcOfClt^ N, 
OX7X7jffllt^lfifO ! 7'7X7lI^l^j5li 
LfcfcOfi, A 1 S2^S> 3 - bm& 1 /4 - 1 / 5 (CfS; 

[0 0 16] £jfc, *&<P!Kckntf^-X*fiJgfcl8l±a>|fe 

fi«£fiiJ5£bfc*SJIi;&*, 06© ro, X^Xvaasfc 

0 3 fimtftil:gI ; £7tDi?-^I< 
fe£!F-(?mE2*lTUS. £ H<l 7 tC , TK^tcM-T^ 
20 Xn -/ ^ti^i^coi^ffitc^-r^i^^i Lt, NMOSh 
? y V 7,9 \ZlSW y h** U 7f§jfftel¥ti5cD — 
^t. y— h£6 0 nmTJtalb, HUOtE^ 7 V 

flJijnbfct^oy- ksje^s vcDtfUT ioooo# 
r a ix s ux^^j^bf^o o I y^x^iiw^^tuiN 

: O^^X^jUlKD^CD^^ICM b, N I O + O, X^ 
Xv$ffl&£SSLfc*>©tt. *y 'J 7j|*tt^|pj± 

[0017] ^-x&^jgi <sb-©ii 

©*^fc*f-f 3Xn y ^tttcKI^£ffl±<Z>feffiK:o^T 
30 {1X7X7S iONl^, S^±Il(:^t^U7D- 

£#J[Clfc0Jib;t^\ HBy7X7S iONl, X7X7 
S iNl, y ; E^> r 7'^^-^>7K^^, 7tJP777 
#>:7u/*IS&, 7 ; e^77^S ilfOiiiCa 
^T, &*£©*#lC#T£XDy#teRtf 'J 7D-tt 

AISriBizELfc^, *3£Wtz&^T\$. ¥S^bSfwffil>L« 
TEOS (fh7lfJ^^Vy'J^-h) K v TEO 
40 S-O3 (7=- h 7lfJlt^V v 'J ^r- h • >) 
^, SOG (Spin On Glass ) m, BPSG (Boron Ph 
osho Silicate Glass ) S i O: — ^©^fe^ 

n pa m m m <d m m m \t 2 m ± -c & n a ^ @ -e ^ 0 T t> 

[0018] 

[^a^co^im] ±^L^c^(c, *«^JCcfcn«. £m<D 

50 sraasitiitc^n-r^-xiftjiaiK 
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[0 1] *K^fc^S^3»frSB(OiSljt*»t-*5tt«X 

ti2] eii (f) <D±mmx^$>^x , ^"phc^s^ 

jgSS©-0»JS:^Lfct><Z>Tf&O , (a) te£l^#tJ&CD 
(b) te^XvJKfc^ [03 (a) CD 3 0 2 
(c) HMEOiCVDgl [03 
(a) CO 3 0 7 aBcD#r®0] T*>5. 
[04] ^®^7Xv«l31©I^F B 1g!^fct?^TIft^-rs 
&<Dtf? 7t$)oty ^X^^S^FbI t^M^COP^^ 20 
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